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GLACIAL GEOLOGY OF THE WHITE MOUNTAIN FOOTHILLS,
SOUTHWESTERN MAINE
Woodrow B. Thompson
Maine Geological Survey
State House Station 22
Augusta, ME 04333

INTRODUCTION
The purpose of this field trip is to examine some of the glacial features
in the area between Fryeburg and Bethel in southwestern Maine.
The Maine
Geological Survey is mapping the surficial geology of this area, but the
Quaternary stratigraphy and history have yet to be worked out in detail.
Therefore our trip will highlight some of the more interesting and problematic
glacial deposits, rather than attempting a comprehensive review of the
regional stratigraphy.
Previous investigations of the glacial geology of the Fryeburg-Bethel
area were carried out by Stone (1899), Leavitt and Perkins (1935), and
Prescott (1979; 1980a; 1980b).
Thompson has mapped the boundaries of sand and
gravel aquifers (Williams et al., in prep.), and is compiling detailed
1:24,000 surficial quadrangle maps for this part of the state.
W. R. Holland
(in prep.) has mapped the surficial geology of nearby quadrangles between
Fryeburg and the Ossipee River.
(See Trip B - 1 , this volume.)
Much of the field trip area is a rugged and scenic terrain that includes
part of the White Mountains and their foothills.
The mountains just north of
Kezar Lake separate north-draining tributaries of the Androscoggin River from
the Saco River basin to the south.
The flow of glacial ice has caused many
hills to have asymmetric shapes, with sheer bedrock cliffs resulting from
plucking on their southeast sides and more gentle stoss slopes to the
northwest.
Drumlinoid hills (commonly rock-cored) and striations on bedrock
provide additional evidence of predominantly south-southeastward glacial flow.
The major valleys— especially those of the Saco, Androscoggin, and Cold
Rivers— contain thick accumulations of water-laid glacial and postglacial
sediments.
Karnes and eskers are seen in the Androscoggin Valley, but icecontact and glaciolacustrine sediments in the Saco Valley are concealed
beneath a broad alluvial plain.
It is hoped that ongoing field work in southern Oxford county will
clarify the following aspects of the area's glacial history:
(1 ) the till
stratigraphy and chronology of glaciations that it represents; (2 ) the pattern
and style of deglaciation, especially the relative importance of active-ice
retreat vs. regional stagnation in generating glaciofluvial and
glaciolacustrine sediments; and (3) the glacial lake history.
The field trip
stops will provide a focus for discussion of these topics.

275

C-l

DESCRIPTION O F STOPS

STOP 1:

Keewaydin Lake Till Section

Three units are exposed in this section:
(1)
The upper unit (just below the ground surface) consists of about 1 m
of
sandy, stony glacial diamicton.
This material is probably an ablation till
deposited by the late Wisconsinan ice sheet, although it may have been
modified by postglacial colluviation.
A thicker exposure of the same till
unit can be seen a short distance east of here, on the south side of Route 5
adjacent to Keewaydin lake.
(2)
The middle unit is about 1m thick, and consists partly of disrupted
slabs and irregular fragments of the till seen in the lowest unit.
These till
fragments are interlayered with thin, discontinuous, deformed lenses of sand,
causing the unit to have a crude stratification.
Scattered stones are also
present.
This unit may be a mixture of the upper and lower tills that
resulted from erosion of the lower till by the last ice sheet.
Pessl and
Schafer (1968) described a similar mixed zone along the erosional contact
between two tills in Connecticut, and the author has seen this type of contact
at other multiple-till localities in southern Maine.
At the Keewaydin Lake
section, sand dikes extend from the mixed zone down into the underlying till
unit.
(p) The lower unit has an exposed thickness of at least 12 m, and
consists of a silty, olive-gray till.
This till has a sharp contact with the
middle unit.
It is finer-grained than the upper till and has a blocky
structure resulting from jointing.
A dark-brown Fe/Mn-oxide stain coats joint
surfaces in the upper part of this unit, as well as in the till inclusions in
the mixed zone described above.
The compactness, structure, and fine-grained
texture of this till indicate that it is probably a lodgment facies.
The upper till at Stop 1 is thin and poorly exposed, but the
characteristics of the two tills and their contact relationships invite
comparison with the two-till stratigraphy of New Hampshire described by Koteff
and Pessl (1985).
The surface till of New Hampshire and southern New England
is typically non-oxidized (except in the zone of modern soil formation) and is
assumed to have been deposited by the late Wisconsinan ice sheet.
The age of
the lower till is uncertain; it may be early Wisconsinan or pre-Wisconsinan
(Thompson and B o m s , 1985).
Both the oxide staining and the matrix oxidation
seen in the upper part of the lower till suggest a weathering interval before
deposition of the upper till.
This inference has been supported by the few
comparative mineralogical studies that have been done on the two tills.

STOP 2:

Bryant Hill Pit

This is one of the most complex exposures of Pleistocene sediments in the
field trip area.
A long northeast-trending pit face, up to about 25 m high,
reveals a thick deposit of stratified sand and gravel with interbedded
diamicton lenses.
The upper part of this deposit is cut by thrust faults in
the northeastern part of the pit, and the sand and gravel is overlain by one
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or more till units.
Striations on two nearby bedrock outcrops along Route 5
indicate local ice-flow directions of 184° and 195° (SSW).
The stratified unit, which forms much of the section, has an exposed
thickness of up to about 23 m.
It ranges from well-sorted silt and sand to
boulder gravel, but consists chiefly of thin beds of compact, poorly-sorted
pebbly sand to cobble gravel.
The bedding dips generally southward at 10-15°>
and tends to be laterally continuous over distances of several meters or more.
A few large boulders are scattered through the unit, and there are conformable
lenses of olive-gray, silty to sandy diamicton.
The origin of this stratified
unit is not clear.
Did it form as a subaerial outwash fan; as a delta or
subaqueous fan in an ice-marginal lake; or even in a cavity beneath the ice?
An ice-contact environment seems likely because of the angularity and poor
sorting of the gravel component, the presence of striated stones and large
boulders, and especially the occurrence of the diamicton lenses.
The latter
are probably flowtills which avalanched from nearby glacial ice.
The evenly
dipping sand and gravel layers resemble delta foreset beds at first glance,
but on closer inspection they lack the ripple-drift cross-stratification and
graded bedding that occur in some delta foresets.
The stratified unit is
situated in the lee of a bedrock knob (which outcrops on the summit and
northeast flank of Bryant Hill), so it may have been deposited in a subglacial
cavity that developed as ice flowed over the hill.
However, the considerable
thickness and extent of the unit cast doubt on the latter theory.
In the southwestern part of the pit, the sand and gravel unit is overlain
by about 6 m of sandy, stony till.
This till has a weak fissility, and
contains thin, discontinuous beds of silt and sand.
The manner in which these
stratified lenses drape over stones suggests that the till is a basal melt-out
deposit.
t

In the central and northeastern part of the pit face, the upper part of
the stratified unit is offset by several low-angle thrust faults (Figure 1).
These faults have not yet been studied closely because of their location high
on the pit face, but they appear to displace the sand and gravel beds toward
the south.
They developed as ice overrode the north end of the deposit,
possibly as a consequence of the same flow that engraved the SSW-trending
striations on nearby outcrops.
Slickensides were found on the bedding planes
of silt layers within the sand and gravel at the northeast end of the pit, and
may have resulted from the same deformational event as the major faults.
The fault zone is overlain by a till unit that is 1-2 m thick, more
bouldery toward the northeast corner of the pit, and contains highly deformed
sand lenses.
It is not clear whether this till was deposited in the same
manner as the till at the other end of the pit, nor whether they were
deposited at the same time.
One of the thrust faults, seen near the top of
the section in the central part of the pit face, seems to separate an
overlying pebbly till(?) from the thicker, bouldery till unit to the
southwest.

STOP 3:

Hatch Hill Pit

Hatch Hill exhibits a glacially streamlined shape on the Center Lovell
quadrangle, as do other NNW-SSE trending hills in the immediate area.
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Figure 1
Thrust faults in upper part of stratified sand-and-gravel unit at Bryant Hill
pit (Stop 2). View is to the west, in the northern part of the high pit face.
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Figure 3
/iew southwest across the Androscoggin Valley, showing high moraine ridge
projecting eastward from Stock Farm Mountain (center to left— center) and
juncture of the moraine system with Hark Hill (shaded area in foreground)
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FIGURE 2.

Southeast part of the Shelburne 1:24,000 quadrangle,
showing outline of the principal part of the Androscoggin
Moraine system.
Stop 6 is located on the north end of this
moraine cluster, just southeast of Hark Hill.
Narrow lines
indicate the crests of moraine ridges.
Numbers designate
locations of test pits.
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Figure 4
Close- up of deformed silt-sand laminae in sandy, stony glacial diamicton
( t i n ) in Test Pit 3> Androscoggin Moraine.
Pen is 13 cm long.
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Graph showing weight percentage of silt and clay
fraction (percentage passing #200 sieve) in bulk
samples from Test Pits 1 - 5 .
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Although it has this drumlin-like shape on the map, the surface of the hill is
actually more uneven than an ideal drumlin; and bedrock outcrops in the small
field on the summit.
The exposure in the pit seen at Stop 3 is located on the southeast end of
Hatch Hill.
Like the previous stop, it shows a glacial diamicton overlying
stratified drift in the distal part of the rock-cored hill.
Having seen this
relationship at two closely spaced localities, one wonders how many other sand
and gravel deposits may lie concealed beneath tills and associated glacial
diamictons in other such hills in this
part of Maine.
In detail, the Hatch Hill deposit differs in several respects from
the
Bryant Hill locality.
The lower unit seen here consists of well-stratified
sand and pebbly sand, which dips generally south-southeast and is cut by
normal faults.
The sand displays foreset-type bedding that appears tohave
been deposited in a lake or subglacial cavity.
The sand unit is overlain by about 2-8 m of complex glacial diamicton.
This diamicton is stratified due to the presence of abundant sand and silt
layers that are interbedded with the till-like sediment.
Large boulders (some
of which are well striated) occur within this unit and on the ground surface
adjacent to the pit.
Apart from the prominent stratification, at least two
other features distinguish the diamicton unit from tills seen at many other
localities in southern Maine.
First, it contains many clasts of laminated
silt and sand, resulting from disruption of these strata by a debris flow, or
ice-shove.
These inclusions are best seen near the top of the section on the
northeast side of the pit.
Second, the diamicton also contains odd structures
consisting of vertical fissures or chimney-like cylindrical openings that were
somehow eroded and then filled with sand and gravel.
The same question arises here that was posed at the previous locality:
is the sandy unit a glacial-lake delta that was buried by the diamicton as a
consequence of a later glacial advance, or was the sand deposited in a
subglacial cavity (in which case the diamicton may have simply melted out of
the overlying ice)?

STOP 4:

Bradley Brook Delta

This delta was deposited where Bradley Brook presently empties into the
Cold River valley.
The contact between the topset and foreset beds is at an
elevation of about 500 ft, and marks the position of the water level to which
the delta was graded.
This deposit may have been built by glacial meltwater
streams flowing down the Bradley Brook valley from the high mountains to the
west.
However, at least two questions arise here.
One is the location of the
dam that impounded the lake.
Test-hole data from the center of the Cold River
valley (just east of the delta) reveal the presence of lake-bottom sediments
beneath the flood-plain alluvium.
Therefore, the lake extended across the
valley and was not just a minor ice-contact pond confined to the immediate
area of the delta.
At present there is no barrier to contain a lake in the
south-draining valley, so it is inferred to have been dammed by a temporary
plug of stagnant ice and/or glacial sediments.
A logical site for the former
dam is the narrow part of the valley just southeast of here, where there is a
large sand and gravel deposit extending to an elevation of 500-520 ft.
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The other problem is the source of the sediment that comprises the delta.
This deposit is not large, but the drainage basin of Bradley Brook seems to
have a very small area from which to derive the quantity of sand and gravel
seen here.
Also, it is not certain to what extent the sediment came from ice
masses in the hills, if in fact the valley bottom was largely free of ice and
already contained a lake.
Perhaps the delta was derived partly from erosion
of the steep mountainsides soon after they were deglaciated.
Any ice that did
linger in the headwaters of Bradley Brook would have been essentially stagnant
because of its position in the lee of the Baldface Range.
T

STOP b:

Evans Notch Meltwater Channel and Alluvial Fan

The parking lot at the
head of East Royce Trail is situated in the
highest part of Evans Notch, precisely upon the drainage divide between the
Androscoggin and Saco River basins.
Just northeast of here (along the upper
portion of Evans Brook), there is a low, swampy area marking the path of a
glacial meltwater channel through the notch.
Meltwater draining through this
channel was at least partly
responsible for carving the deep, spectacular part
of the notch to the south.
Ice-contact sand and gravel (seen along Route 113)
was graded to the notch when glacial ice still filled the Evans Brook valley
at least to the level of the divide at Stop 5. The concept of generally
northward recession of the ice margin in this area is further supported by
other meltwater channels and associated deposits at lower elevations between
Evans Notch and the Androscoggin River.
At Stop 5 the Evans Notch channel is not apparent because it has been
buried by the postglacial alluvial fan on which the parking lot was
constructed.
This fan consists of bouldery alluvium deposited by the brook
that descends the steep hillside to the west of here.
The brook divides on
the surface of the fan, with distributary channels extending into both the
Androscoggin and Saco basins.
During a recent visit when conditions were
rather dry, the author noted that surface drainage was only to the north, and
the water disappeared into the fan before reaching its outer edge.
It is
interesting to observe that this sizable deposit has been constructed by such
a small stream in Holocene time.
As a matter of speculation, it is likely
that much of the fan was built during major floods of infrequent occurrence,
and the rate of aggradation may have varied over postglacial time.
This stop
also raises questions as to the magnitude of Holocene stream sedimentation in
the White Mountains as a whole, which may be greater than generally realized.
For example, a stream-terrace along part of nearby Evans Brook (see Road Log)
may be dissected Holocene alluvium rather than glacial outwash.
Large
alluvial fans can be seen in the upper Androscoggin River basin, as in the
Lary Brook valley (northwest of Stop 6, Figure 2) and in the vicinity of
Gorham, New Hampshire.

STOP 6:

The Androscoggin Moraine

The Androscoggin Moraine is a glacial end-moraine system that is
in the vicinity of the Maine-New Hampshire border in the Androscoggin
valley.
Parts of this moraine system were described by Stone (1880),
segment seen at Stop 6 was illustrated in his USGS Monograph entitled
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Glacial Gravel of Maine" (Stone, 1899).
Leavitt and Perkins (1935) disagreed
with Stone's identification of this ridge as a moraine, but they did not
present convincing evidence to the contrary.
Thompson (1983) agreed with
Stone's interpretation, and reported the discovery of another prominent
moraine ridge extending from Stock Farm Mountain on the south side of the
valley.
A detailed investigation of the moraine system is currently in progress,
with the objective of confirming that it was deposited by a tongue of ice
extending down the Androscoggin Valley.
Other goals are to determine the
composition of the moraine, its provenance, and its regional significance in
the deglaciation history of western Maine and the White Mountains.
The
Androscoggin Moraine is an unusual and significant feature because moraines
are rare above the zone of late-glacial marine submergence in Maine, and it is
the most clearly defined of the very few moraines in the White Mountain
region.
It indicates that active ice persisted in the upper Androscoggin
Valley at a time when the mountains must have emerged from the thinning late
Wisconsinan ice sheet.
The Androscoggin ice tongue is also believed to have
deposited the Success Moraine on the northwest flank of the Mahoosuc Range
(Gerath et al., 1 9 8 5 ) and possibly the till that overlies lake sediments in
the Peabody River valley south of Gorham (Gosselin, 1971).
The age of the
Androscoggin Moraine is uncertain, and depends on whether the moraine was
deposited by the Laurentide Ice Sheet or the Appalachian ice mass that was
separated from the Laurentide by opening of the marine embayment in the St.
Lawrence Lowland about 13,000 years ago.
It is hoped that studies of till
provenance and striation patterns (now in progress) will help solve this
problem by determining whether the ice lobe was restricted to the Androscoggin
Valley, or if part of the moraine was derived from ice that was thick enough
to extend eastward from the Connecticut River valley.
Results obtained to date have essentially confirmed that the high ridges
on both sides of the valley (Figure 2) are truly moraines, and not just a
deceptively oriented group of drift tails and other deposits. Correlation of
moraine segments across the valley is difficult, but it is evident that the
Androscoggin Moraine complex represents several closely spaced ice-margin
positions.
Numerous large boulders (1-8 m in diameter) are strewn along the ridges
shown in Figure 2. The higher moraine segments are very steep-sided, and the
one that projects from Stock Farm Mountain (Figure 3) locally stands as much
as 30 m above the adjacent terrain. The moraine crests rise in elevation from
about 720 ft (where breached by the Androscoggin River) to 900 ft on Hark Hill
and 1250 ft on Stock Farm Mountain.
Bedrock outcrops extensively on these
hills, and on low hillsides just upvalley from the moraine.
However,
extensive search has not revealed any outcrops along the moraine ridges.
The
local bedrock is gneissic Littleton Formation which is intruded by quartz
diorite (Billings and Fowler-Billings, 1975).
Boulders of these rock types
are very conspicuous in the moraine system.
Exposures of the sediments comprising the Androscoggin Moraine are rare,
and they are limited to a few shallow cuts along the logging road that follows
the crest of the moraine ridge on Stock Farm Mountain.
During the early
summer of 1985, five test pits were dug with the aid of a backhoe in order to
determine the composition of the moraine and collect sediment and stone
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samples.
Four pits were dug along the logging road on the east side of Stock
Farm Mountain, and one on the easterly moraine segment that extends from Hark
Hill (Figure 2).
A variety of glacial sediments were encountered in these
pits, as one would expect to find in deposits formed in an ice-marginal
environment.
Test pits 1-4 exposed various facies of tills and flowtills with
some contorted lenses of sand, silt, and gravel (Figure 4)*
Test Pit 5>
located in the lowest part of the moraine, exposed a water-laid diamicton
consisting of interbedded silt, fine sand, and flowtill(?), with angular
stones present in all of these units.
Bulk sediment samples from the five
pits are progressively finer grained with decreasing elevation above the
valley floor (Figure 5).
This trend is the result of two factors:
the
greater removal (by meltwater) of silt and clay from the sandy-matrix
diamictons at higher elevations on the Stock Farm Mountain moraine segment,
and the presence of numerous silty laminae indicative of local meltwater
ponding in the vicinity of Test Pit 5*
Preliminary results of stonecounts (on 100 stones from each of four pits)
indicate that local rock types predominate in the moraine system, but there is
a marked difference between the two sides of the valley.
Exotic fine-grained
igneous dike rocks are much more common in the Hark Hill segment of the
moraine.
These erratics probably were derived from dike swarms in the GorhamBerlin area, which have been described in detail by Billings and FowlerBillings (1975).
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ITINERARY
Assembly point:
Rest area on south side of Route 117, just west of
Norway village (at south end of Pennesseewassee Lake).
Virtually all of the
itinerary is covered by Hap 10 in the Maine Atlas.
Topographic map coverage
for the field trip stops is provided by the East Stoneham, Center Lovell,
Speckled Mountain, and Shelburne 7.5-minute quads, and the North Conway 15minute quad.

Total
Mileage

Mileage
Between
Stops

0.00

0.00

Leave rest area and go west on Route 117

0.45

0.45

Jet. with Route 118.
Route 118.

11 .30

10.85

12.30

1 .00

J ct. with Route 5 in Lynchville (note famous road sign
showing distances to Peru, Mexico, etc.).
Continue
straight ahead (W) on Route 5.

15.60

3.30

Sto
Keewaydin Lake till section (East Stoneham
1:24,000 quadrangle).
Park at edge of Route 5 and climb
up to excavated bank on S side of road.

18.70

3.10

Stop 2:
Bryant Hill pit (Center Lovell 1:24,000
quadrangle). Park at edge of Route 5 and walk into
large pit to W of road.

23.80

5.10

Turn R onto West Lovell Road (sign points to Kezar
La ke) .

23.90

0.10

Turn R (small sign designates this road as "Grovers
L a n e ").

24.05

0.15

Turn L onto dirt road and drive to pit.

24.25

0.20

Stop 3:
Hatch Hill pit (Center Lovell 1:24,000
quadrangle).

24.50

0.25

Upon return to Grovers Lane,

2 4 .6 0

0.10

Turn L onto West Lovell Road and return to Route 5.

24 •70

0.10

Turn R and proceed S on Route 5*

Proceed straight ahead (W) on

Jet. with Route 35 in North Waterford (end of Route
118).
Go straight ahead (W) on Route 35.
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25.05

0.35

Note dissected glacial-lake sand deposits to R (under
golf course).

27.80

2.75

Turn R onto Shave Hill Road (sign says "to Route 113")

28.75

0.95

Keep L at fork in road.

29.30

0.35

Enter Saco River flood plain

30.30

1.00

Turn R onto Union Hill Road.

30.70

0.40

Keep L at road jet.

32.30

1.60

Turn L (onto "New Road" in Maine Atlas)

33.45

1.15

Jet. with Route 113 at Stow.
113.

33*60

0.15

Keep to R at jet., proceeding N on Route 113*

36.70

3*10

Stop 4 ; Bradley Brook delta (North Conway 1:62,500
quadrangle).
Turn R into gravel pit on E side of Route
113*
Stay on hard-packed road— avoid soft sand.

3b.75

0.05

Exit pit via N entrance.
113*

41.35

4*60

Turn L on road to "The Basin"
Forest picnic area).

41.90

0.55

Lunch stop at The Basin.

42.65

0.75

Return to Route 113.
113.

45*35

3*20

Stop 5:
Evans Notch meltwater channel and alluvial fan
(Speckled Mountain 1:24,000 quadrangle).
Turn L into
parking lot for East Royce Trail.

45.90

0.05

Turn L out of parking lot.

4b.05

0.15

Note Evans Notch spillway channel on L.

43.7048.80

2.652.75

Note stream terrace in woods to E of road.
The
origin of this deposit is uncertain.
It may be glacial
outwash or Holocene alluvium.

53.50

4.70

Turn R onto U.S. Route 2 at Gilead.

53.85

0.35

Turn L.

54-20

0.35

Turn L onto North Road and continue W along the
Androscoggin Valley.

Go straight ahead on Route

Turn R and continue N on Route

(white Mtn. National

Turn L and continue N on Route

Continue N on Route 113

Cross RR track and the Androscoggin River.
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36.80

2.30

Stop 6 : Androscoggin Moraine (Shelburne 1:24»000
quadrangle). Park where pipeline crosses North Road.
Walk along pipeline to ridge crest just W of road.

86.80

0.30

Cross second moraine ridge.

87.10

0.30

Note roche moutonnee outcrop in pipeline clearing to N
of road.
Shape of outcrop indicates ice flow to east,
parallel to the valley.

87.20

0.10

View of Stock Farm Mtn. on other side of valley (to S).
Note the high part of the Androscoggin Moraine
projecting E from the mountainside.
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Turn L at jet. and cross Androscoggin River at
Shelburne.
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Turn L onto U.S. Route 2.
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Park along U.S. Route 2, a short distance E of state
line.
Looking back up the valley offers a good view of
the Androscoggin Moraine, which extends E from Stock
Farm Mtn.
View is best in late fall or winter, with low
sun angle and no leaves on trees.
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